Tuta absoluta (Meyrick), a key pest of tomato, is quickly spreading over the world and biological control is considered as one of the control options. Worldwide more than 160 species of natural enemies are associated with this pest, and an important challenge is to quickly find an effective biocontrol agent from this pool of candidate species. Evaluation criteria for control agents are presented, with the advantages they offer for separating potentially useful natural enemies from less promising ones. Next, an aggregate parameter for ranking agents is proposed: the pest kill rate k m . We explain why the predator's intrinsic rate of increase cannot be used for comparing the control potential of predators or parasitoids, while k m can be used to compare both types of natural enemies. As an example, kill rates for males, females and both sexes combined of three Neotropical mirid species (Campyloneuropsis infumatus (Carvalho), Engytatus varians (Distant) and Macrolophus basicornis (Stål)) were determined, taking all life-history data (developmental times, survival rates, total nymphal and adult predation, sex ratios and adult lifespan) into account. Based on the value for the intrinsic rate of increase (r m ) for T. absoluta and for the kill rate k m of the predators, we predict that all three predators are potentially able to control the pest, because their k m values are all higher than the r m of the pest. Using only k m values, we conclude that E. varians is the best candidate for control of T. absoluta on tomato, with C. infumatus ranking second and M. basicornis last.
Introduction
The question whether evaluation criteria can be used -and if so, which ones -to rank the biological control potential of natural enemies has long been discussed, but remains far from being solved (e.g. van Lenteren, 1980 van Lenteren, , 2010 Stiling & Cornelissen, 2005; McEvoy, 2018) . That this issue is still very relevant today can be illustrated with the case of the South American tomato moth Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), which was accidentally introduced from Latin America into Spain in 2006. In just 12 years, the moth has spread over mainland Europe, the Mediterranean region, the African continent and a substantial part of Asia, and now occurs in more than 80 countries. Based on climate modelling, it is expected that dispersal of T. absoluta will continue and that invasions in, for example, China and North America are likely to happen in the near future (Biondi et al., 2018) . Due to its leaf mining habit, the pest is difficult to control with synthetic pesticides, demanding frequent applications, resulting in fast development of pesticide resistance, and negative side effects on biodiversity, the environment and health of farmers and consumers. Biocontrol might offer an alternative, but which natural enemy to use? More than 160 species of predators and parasitoids, as well as a number of pathogens have been listed in association with T. absoluta (Biondi et al., 2018; Ferracini et al., 2019) . This large number is promising, but creates also a serious problem: how to select an effective and safe biocontrol agent from this large list of species?
Many suggestions about biocontrol agent selection have been published, ranging from quick fits like the collection and release of any natural enemy that might attack the pest (the 'hit or miss approach '; DeBach, 1964) , to rather timeconsuming research programmes which include behavioural and ecological studies, as well as environmental risk assessments (van Lenteren, 1980; van Lenteren & Woets, 1988; van Driesche & Bellows 1996; Stiling & Cornelissen, 2005; van Lenteren et al., 2006; Heimpel & Mills, 2017; McEvoy, 2018) . Often it takes about 10 years to find, evaluate, select and eventually market a natural enemy, which is similar to the time needed to find a new synthetic pesticide. Research in biocontrol is usually financed by public funding, and often dependent on short term aid. Thus, simple evaluation procedures for selection of natural enemies prior to field releases would be much appreciated, but developing simple procedures is not an easy task. Still, there are a number of issues related to biocontrol agent quality that can be used in an evaluation process and these are listed in table 1. Most issues (1-10) concern biological characteristics of the candidate species; others are based on experience in other biocontrol projects (11), concern economics of biocontrol (12) (13) (14) or relate to problems of obtaining specimens of exotic natural enemies (15). The issues are not listed in order of priority for evaluation and depend on the type of biocontrol programme. Evaluation of natural enemies to be used in augmentative biocontrol starts with issues 5 (not causing side effects), 12, 14 and 15 (costs of mass rearing, market potential, complexity of regulations). In a classical biocontrol project, one will start with issue 15, next 11 (similar species effective in similar crop elsewhere), then followed by issues 1-9, while little attention is paid to issues 10 (ability to survive on alternative food), 12 and 14.
Generally, literature information about the potential biocontrol agent, or a related species, and some simple experiments will suffice to form an opinion about issues 1-5. Work on issues 6-10 is more time consuming. Particularly rather complicated environmental risk assessments are nowadays crucial elements of the evaluation process, as many governments demand information about possible risks caused by the introduction of exotic species (Bale, 2011) . Issues 12 and 14, mass-production costs and market potential, are only relevant for augmentative biocontrol, which often is a commercial activity. Issue 15, registration procedures and complexity of Access and Benefit Sharing procedures of the Nagoya Protocol related to use of exotic genetic resources are new problems for biocontrol. The Nagoya Protocol came into force in October 2014 and has brought about an almost complete stop to foreign natural enemy exploration programmes (Cock et al., 2016) .
The main aim of using the list of evaluation issues is not per sé to find the best natural enemy, but primarily to quickly exclude those natural enemies that might (1) not be effective at all, (2) cause unacceptable negative effects, (3) are too expensive to mass produce or have little market potential and (4) will have to undergo unworkable Access and Benefit Sharing procedures. It is not an exception to find tens or even more than hundred species of natural enemies attacking a pest. Use of the evaluation criteria mentioned in table 1 helps to reduce this large number of candidates to only a few, and results in spending the limited amount of research money on those species that might eventually be applied for control of the target pest.
Earlier work by our group has shown that by using data about issues 1-6 and 8, two species of natural enemies we found in the field and that attack T. absoluta in the laboratory on tobacco plants, could be removed from the list of candidates for T. absoluta control on tomato: Geocoris punctipes (Say) (Hemiptera: Geocoridae) and Orius insidiosus (Say) (Hemiptera: Anthocoridae) (see discussion and Bueno et al., 2013) . On the other hand, evaluation of three Neotropical mirids (Campyloneuropsis infumatus (Carvalho), Engytatus varians (Distant) and Macrolophus basicornis (Stål) (Hemiptera: Miridae)) showed that they are seasonally and developmentally synchronized with the pest, are well able to function at the climatic conditions under which tomatoes are produced (Bueno et al., 2018a, b) , are capable to establish a population on tomato, are not caught in the glandular tomato trichomes (Bueno et al., 2013) , kill T. absoluta eggs and larvae , and cause little injury to tomato plants and fruit as a result of phytophagy (Silva et al., 2017) . Specific information concerning issues 8 and 9 have not yet been collected for the three Neotropical mirids, though we know that they react to and are attracted by volatiles produced by tomato plants after attack by the pest (Silva et al., 2018) . Cheap mass production methods (issue 12) for mirids have already been developed by commercial natural enemy producers but these methods are, understandably, not publicly available. However, laboratory populations can easily be reared on the factitious host Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae) (Bueno et al., 2018a, b) . If, in the near future, experiments on a commercial production greenhouse scale show effective control of tomato pests by one or more of these mirids, they certainly have a large market potential, particularly due to the fact that they seem to cause much less injury to plants and fruit (Silva et al., 2017) , than the Paleotropical mirids currently used in Europe (Castañé et al., 2011) . However, an important future problem for use of these mirids might be to obtain permission to export them to other areas (issue 15).
In this paper, we will consider the importance of issue 7, the capacity of the natural enemy to kill sufficient pest individuals per unit of time. The best available single description of the population growth potential of a species under given conditions is still the intrinsic rate of natural increase (r m ) (Southwood, 1966) . For solitary parasitoids, this parameter can also be used to compare their capacity to kill hosts, because in solitary parasitoids each egg laid means that a host is killed (van Lenteren, 2010) . The parameter r m has recently been used for comparison of several predators of T. absoluta as well (e.g. Mollá et al., 2014) . But the intrinsic rate of natural increase only provides information how quickly a predator population can grow, and does not provide an estimate on how many prey items it can kill. Earlier, Janssen & Sabelis (1992) tried to find a way to compare the intrinsic rate of natural increase and predation capacity of phytoseiid predatory mites. They concluded that the predation rate would be an important characteristic for obtaining an estimate of their biocontrol capability. However, they did not investigate the matter any further. Actually, for parasitoids the r m also has its limitations to estimate the host kill rate, as parasitoids may kill hosts by non-reproductive effects like host feeding and stinging hosts with their ovipositor (Abram et al., 2019) . Therefore a new parameter was proposed by Tommasini et al. (2004) and van Lenteren (2010) to be able to compare the pest kill capacity of predators and parasitoids: the pest kill rate (k m ). To determine the pest kill rate for parasitoids, the number of hosts killed by non-reproductive effects is added to the number of eggs laid by the parasitoid. We will compare kill rates of predators and parasitoids of T. absoluta in a future paper.
For predators, k m is the age-specific predation capability per unit of time, based on the development and survival of eggs and nymphs, the sex ratio and total predation by all immature stages and the adults. For a predator to be efficient in classical biocontrol, its pest kill rate (k m ) theoretically needs to be of the same magnitude as, or higher than the population growth rate (r m ) of the pest (Tommasini et al., 2004) . However, in augmentative biocontrol, this is not a strict prerequisite as a pest kill rate lower than the population growth rate of the pest can be compensated by regular releases of large numbers of predators. Still, a high kill rate is appreciated as it will reduce the costs of the biocontrol programme, because fewer releases or fewer natural enemies per release are needed. Tommasini et al. (2004) used the pest kill rate parameter to compare the predation capacity of four Orius species preying on adult thrips (Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae)), and found that O. laevigatus (Fieber) showed the highest pest kill rate. Although O. laevigatus has been used since the mid-1990s, it is since Tommasini's research the most used species for biocontrol of thrips pests in Europe, and replaced use of the exotic O. insidiosus . After the Tommasini et al. (2004) publication, the pest kill rate has, to our knowledge, not been used in predator comparisons, which might be explained by the large amount of work needed to collect lifetime predation data. Recently, we have measured the lifetime predation of the three species of Neotropical mirids that prey on T. absoluta (van . These data allow us to calculate the aggregate parameter pest kill rate for comparison of the predation capacity of these mirids.
In this paper, we first present summarized life-table data of the pest T. absoluta and the three mirid species. Next, population growth rates of the pest and the mirids, as well as the pest kill rates of the mirids are calculated. Finally, we will hypothesize about the pest reduction capacity of these predators and the value of the pest kill rate parameter.
Material and methods

Data collection for life tables and lifetime predation capacities of three mirid species
Collection and rearing of T. absoluta and the three species of mirid predators is described in van . Details about the life-table experiments and results for T. absoluta can be found in Silva et al. (2015) . Data about developmental time and egg survival of the three mirids have been published by Bueno et al. (2018b) . The experimental procedures and the results of T. absoluta egg predation by all nymphal stages of the three mirids can be found in van and for predation by the adults in van ; the same two papers also provide data on development and survival of nymphs and adults, sex ratio and adult lifespan. Experiments with T. absoluta were performed in climate rooms at 25 ± 2°C, 70 ± 10% RH and 12 h photophase, and with the three mirid predators at 24 ± 1°C, with the same RH and photophase.
Data analysis
Intrinsic rate of natural increase r m and the intrinsic pest kill rate k m according to Birch approach Life-table parameters of T. absoluta were studied following the methodology explained by Birch (1948) . x = pivotal age in days (including immature stages), l x = age-specific survival (including immature mortality), m x = age-specific fertility (the number of females produced per female alive at age x) were determined in order to calculate the gross reproductive rate GRR (GRR = ∑ x m x ), the net reproductive rate R 0 (R 0 = ∑ x l x m x ), and the intrinsic rate of natural increase r m Pest kill rate as aggregate evaluation criterion to rank biological control agents (r m = lnR 0 /T), where T is the generation time (T = ∑ x l x m x x/ R 0 ), and the finite rate of increase λ (l = e rm ). The pest kill rate (k m ) of the three mirid species when fed with T. absoluta eggs ad libitum was calculated using the same formula of r m , but the age-specific fertility (m x ) was substituted with the age-specific predation (k x ) both during the nymphal and the adult stages. Thus k m = lnK 0 /T k , where: T k (predation time) is the mean period during a generation where the predator actually prey and is estimated by calculating the mean predator ages for each age x weighted by the net number of prey consumed at that age (T k = ∑ x l x k x x/∑ x l x k x ). T k can be considered as the time required for a population to predate at a rate of K 0 . K 0 is the net consumption rate (K 0 = ∑ x l x k x ), i.e. the number of preys killed during a generation of the predator, corrected by natural mortality.
Intrinsic rate of natural increase r m and the intrinsic pest kill rate k m according to Lotka-Euler approach As we did collect daily fertility data of cohorts for T. absoluta, as well as daily predation data for the three mirid species, we could use a more accurate method to calculate the intrinsic rates of increase and pest kill rate values with the Euler-Lotka equation (Lotka, 1907; Lotka & Sharpe, 1911) :
The values for r m and k m are obtained by iteration, i.e. by updating r m and k m values until the formula gives the required value of 1. The Jackknife re-sampling technique was used to calculate the mean and standard error associated with population parameters for T. absoluta (Maia et al., 2000) .
Results
Intrinsic rate of natural increase r m of T. absoluta Data on development and survival of eggs, larvae and pupae, and life span, egg production and sex ratio of adults of T. absoluta are summarized in table 2. Detailed tables with adult life-history data used for calculation of the intrinsic rate of natural increase of T. absoluta can be found in the Supplementary Electronic Material.
The intrinsic rates of natural increase r m of T. absoluta estimated with the Birch approach and the Lotka-Euler approach are similar and this also holds for the other life-table parameters (table 3) .
Pest kill rate k m of the three mirid predators Data collected during a series of experiments (see publications mentioned in Section 'Data collection for life tables and lifetime predation capacities of three mirid species', also for the statistical tests we used) are summarized in table 4. Development times and percentages survival of eggs were similar for the mirid species. Development times of mirid nymphs did not differ significantly between the sexes, and were similar across species. Total nymphal development time was significantly longer for M. basicornis (table 4) than for the other two species. Nymphal survival was about 93% for all three species. As nymphal mortality could not be attributed to sex, it is not included in the calculation of the kill rate of the separate sexes in table 5, and will have resulted in a slight overestimate of the kill rate. We can illustrate the magnitude of overestimation by calculation of kill rates for both sexes combined with nymphal mortality included: they are a bit lower than the rates without nymphal mortality included (table 5) .
Predation rates by each nymphal stage for male and female nymphs within a species were similar in most cases. The total number of eggs eaten during the nymphal stages was significantly higher for E. varians than for the other two mirids. Detailed tables with nymphal life-history data used for calculation of the pest kill rate can be found in the Supplementary Electronic Material.
Sex ratios of E. varians and M. basicornis did not significantly deviate from a 1:1 ratio (binomial test, P > 0.1). However, the sex ratio of C. infumatus was strongly female biased and differed significantly from a 1:1 ratio (binomial test, P < 0.0001).
The daily and total number of eggs eaten by the two sexes of adults of the three mirid species is shown in table 4. Males eat significantly fewer T. absoluta eggs per day than females. The number of consumed eggs per day of E. varians is significantly higher than that of C. infumatus and M. basicornis, but does not differ between C. infumatus and M. basicornis. For more information about daily egg predation over time and survival curves of adults, as well detailed statistical test results, we refer to van ; detailed tables with life-history data used for calculation of the pest kill rate can be found in File 2 of the Supplementary Electronic Material.
The pest kill rate k m of the three mirid predators estimated with the Birch or Lotka-Euler approach show large differences; k m values are in all cases much higher when estimated with the more precise Lotka-Euler approach (table 5). As expected from predation data presented in table 2, k m values for males are always lower than values for females.
The changes in daily predation rates over the total development period of males and females of the three species are given in fig. 1 . The graphs illustrate a consistent increase in predation starting with the first nymphal instar around day 11, culminating in a predation peak during the 5th nymphal instar around day 25. During the phase of moulting from 5th instar to adult, predation rates are zero and then pick up again, but are always lower for males than for females.
Discussion
A lot of new information about natural enemies associated with T. absoluta has become available since the pest started its worldwide invasive journey in 2006 (e.g. Biondi et al., 2018) . Until now the best control results have been obtained by Table 2 . Development of eggs, larvae and pupae (days ± SE), survival of eggs, larvae and pupae (% ± SE), sex ratio, longevity of males and females (days ± SE) and average number of eggs laid per female (±SE) of Tuta absoluta at 25 ± 2°C, RH 70 ± 10% and 12 h photophase.
Egg development (days ± SE)
3.6 ± 0.08 N = 100 % Egg survival 98.0 N = 100 Larval development (days ± SE) 8.9 ± 0.09 N = 130 % Larval survival 98.0 N = 100 Pupal development males (days ± SE) 7.1 ± 0.26 N = 10 Pupal development females (days ± SE) 6.6 ± 0.20 N = 10 % Pupal survival 100 N = 50 Sex ratio (female:male) 0.4:0.6 N = 50 Longevity females (days ± SE) 15.5 ± 0.60 N = 15 Longevity males (days ± SE) 16.5 ± 0.77 N = 15 Total eggs/female (number ± SE) 172.7 ± 17.29 N = 15 J.C. van Lenteren et al.
generalist mirid predators (Urbaneja et al., 2012) , but application of the most frequently used species, Nesidiocorus tenuis (Reuter) (Hemiptera: Miridae), does regularly result in plant and fruit damage (Castañé et al., 2011) , so finding a better natural enemy is a priority. In order to efficiently evaluate the biocontrol potential of the many natural enemies of T. absoluta, ranking of species based on selection criteria and a common aggregate parameter would be helpful. Currently, papers, including some of our own, often conclude that a certain predator might be a good candidate after studying one or a few characteristics. Evaluation of natural enemies is now often done with qualitative criteria (Stiling & Cornelissen, 2005) , which might give some information of the potential value of a natural enemy, but it is difficult to weigh the influence of each criterion for an overall conclusion. Still, assessments for some of the criteria might lead to early exclusion of a natural enemy (e.g. 4, 5, 12, 14, 15 in table 1). For example, O. insidiosus is not capable to search on tomato, because it is caught by the sticky, glandular trichomes within seconds after its release (criterion 4; Bueno et al., 2013) . Another example is Macrolophus pygmaeus (Rambur) (Hemiptera: Miridae), which cannot establish a population on tomato when only T. absoluta is present as a pest (criterion 4; Mollá et al., 2014) . To obtain estimates for the pest kill rate (criterion 7), the functional response of a natural enemy is generally determined. Functional response data for the three Neotropical mirid predators made us conclude that M. basicornis might be the best candidate for the control of the South American tomato moth in Brazil, because it has the largest maximum predation capacity and reacts in a density-dependent way to the widest range of T. absoluta prey eggs offered (table 6) . However, functional response data tend to overestimate predation capacity, as they are usually measured after a period of starvation and during a 24 h period only. We can illustrate this with the functional response data obtained at the highest prey density presented in van and the data on adult lifetime predation.
In the functional response experiment, female mirids of 2-7 days old were used, so we calculated the daily predation capacity during this 2-7 day period for females used in the lifetime predation experiment. Although the average numbers of eggs eaten by the three species are slightly higher during the 2-7 day period (column 2) than during the whole adult predation period (column 1), daily predation is considerably lower for E. varians and M. basicornis than during the functional response experiment (column 3). Data in column 1 and 2 of table 7 indicate that not M. basicornis, but E. varians might be the best predator of T. absoluta, as it preys many more eggs per day than the other two mirids. We conclude that functional response data are of limited value for evaluation and ranking of natural enemies.
Information about all evaluation issues for two Paleotropical and three Neotropical mirid species is summarized in table 7. The table shows that M. pygmaeus is the poorest candidate for T. absoluta control. Nesidiocorus tenuis has frequently shown to be able to reduce T. absoluta numbers well below economic threshold densities (Pérez-Hedo & Urbaneja, 2016) , but has the negative characteristic of causing serious plant and fruit damage (criterion 5) when animal prey is insufficiently available (Castañé et al., 2011) , and is therefore classified to partial fit with evaluation criterion 13 (robust and reliable performance). The three Neotropical mirids score similar for all criteria, and when considering quantitative data for criteria 5 and 7, seem more promising than the European mirids, also because the Neotropical mirids hardly injure tomato plants and fruit (Silva et al., 2017) , and kill more prey per day. Criterion 15 (easy importation/registration procedures when exported) are equally complex for all five species. Evaluation of environmental risk caused by these polyphagous predators will demand time-consuming experiments (Bale, 2011) . When the predators are aimed for use in new countries that have signed the Nagoya Protocol, complicated Access and Benefit regulations will need to be followed before export (Mason et al., 2018) . Nevertheless, data from R 0 = net reproductive ratio; T = mean generation time; r m = intrinsic rate of increase; TD doubling time, i.e. the time required for the population to double in number, and λ = the finite rate of increase. Pest kill rate as aggregate evaluation criterion to rank biological control agents table 7 do not allow us to make a ranking of natural enemy potential, with the exception of M. pygmaeus which is performing poorest for several evaluation criteria and would, thus, take the lowest position in a ranking. For ranking of mirid predators, also the aggregate parameter intrinsic rate of natural increase (r m ) has been used (e.g. Mollá et al., 2014; Silva et al., 2016) . In table 8, we summarized data for life-table parameters of T. absoluta and mirid predators when developing on tomato with T. absoluta as prey. Krechemer & Foerster (2017) determined the life table of T. absoluta on six commercial tomato cultivars at 20 ± 2°C, 70 ± 10% RH and 12 h photophase, among which the same cultivar we used, cv Santa Clara. The r m value varied from 0.09 for cv Santa Clara to 0.11 for cv Cherry. They found lower r m values than Silva et al. (2016) and we did, which may for a large part be explained by the lower temperatures at which they executed their experiment. Martins et al. (2016) measured lifetable data for T. absoluta on tomato cv Santa Clara at a range of temperatures and we estimated r m and R 0 values from their Figure 5 at 26°C, 70 ± 5% RH and a 12 h photoperiod (table 8). The r m values found by Martins et al. (2016) are lower than those published by Silva et al. (2016) and the ones we found (this paper). We did not find other papers with r m values for T. absoluta on tomato. Data on intrinsic rates of natural increase for mirid predators were published by Silva et al. (2016) for C. infumatus, E. varians and M. basicornis, and by Mollá et al. (2014) for M. pygmaeus and N. tenuis. The r m values presented in both papers are all considerably lower than those found for T. absoluta by Silva et al. (2016) and us. Mollá et al. (2014) conclude that based on the very low r m value found for M. pygmaeus (0.005), its role in controlling T. absoluta in the absence of other food sources is possibly limited, and that N. tenuis with a much higher r m value (0.089) has a better potential as biocontrol agent of this pest. Silva et al. (2016) found r m values of circa 0.11 for the three Neotropical mirids, which are higher than the r m values for the M. pygmaeus and N. tenuis and, thus, they concluded that these Brazilian species might be interesting candidates for control of T. absoluta. Although the conclusions drawn by Mollá et al. (2014) and Silva et al. (2016) might seem logical, the r m values of predators K 0 = net consumption rate; T k = mean predation time; k m = pest kill rate. do not give any information about their predation capacity. Thus, we cannot conclude that C. infumatus (r m = 0.1192) is potentially a better predator than E. varians (r m = 0.1078) and M. basicornis (r m = 0.1107). This is why we mentioned in the introduction of this paper that r m values for predators are not a suitable aggregate parameter for comparison of their biocontrol potential. Instead, we recommend using the pest kill rate for comparison of predators, also because this parameter can be used to compare the pest control capacity of parasitoids with that of predators. Further, this aggregate parameter appeared be a good predictor for selecting the best Orius species for thrips control (Tommasini et al., 2004) .
Pest kill rates for the three Neotropical mirids were calculated with the approximating method earlier used by Tommasini et al. (2004) and with the more accurate LotkaEuler equation (table 5) . First of all, it is obvious that the kill rate values obtained with the Lotka-Euler equation are much higher than values obtained with the approximating method. This can be explained by the approximation of T k . In the calculation of r m only adults are accounted for, while for the calculation of k m both nymphs and adults are taken into account. Since the value of k m is determined to a great extent by the rate of predation during the nymphal ages and not only during the adult stage, the use of the approximation of T k which is a weighted average over all the ages where predation occurs can produce an underestimate of k m (see Birch (1948) for details). In the past, without having powerful computers, it was very laborious to estimate r m and k m values with the 1 + = fits evaluation criterion, ± = partially fits evaluation criterion, − = does not fit evaluation criterion, ? = published information is insufficient to draw a conclusion. R 0 = net reproductive rate; T = mean generation time; r m = intrinsic rate of increase; TD time required for the population to double in number and λ = the finite rate of increase.
Pest kill rate as aggregate evaluation criterion to rank biological control agents Lotka-Euler equation, but nowadays it is easy and, therefore, we propose to use this more accurate equation in the future. Secondly, all pest kill rates obtained by the Lotka-Euler equation (0.2714-0.2969) are considerably higher than the r m value for T. absoluta (0.1907), suggesting that all three Neotropical mirids, on the premise that they efficiently find prey, can kill more pest eggs per unit of time than the pest can produce. Thirdly, the kill rate of females of the three species is higher than that of males and that of both sexes, which is not surprising when looking at longevity and egg predation data (table 4, fig. 1 ). Fourthly, the ranking obtained by r m values (C. infumatus best, next M. basicornis, last E. varians) is completely different from the ranking obtained by k m values (E. varians best, C. infumatus second and M. basicornis last). The fact that E. varians ranks first when using k m values is caused by its shorter generation time and higher daily predation (table 4) . Thus, based on using only k m values, we would conclude that E. varians might be the best candidate for control of T. absoluta on tomato in Brazil and this is contrary to what we concluded in our earlier papers on rates of population growth and functional responses (Silva et al., 2016; van Lenteren et al., 2016) . In order to test whether E. varians is really the best predator for control of T. absoluta, greenhouse experiments need to be carried out under practical tomato production conditions, which we have not yet been able to perform.
In conclusion, for future selection of arthropod natural enemies, we propose to use the criteria listed in table 1 to quickly eliminate clearly unsuitable species. Next, for ranking of pest kill ability of arthropod natural enemies, we recommend to use the pest kill rate k m and no longer the intrinsic rate of natural increase r m , because (1) r m values have no predictive value for the pest kill capacity of predators, (2) r m values have limited predictive value for the pest kill capacity of parasitoids, as parasitoids may kill a considerable number of hosts by nonreproductive effects, and (3) use of k m makes it possible to compare the pest kill potential of parasitoids and predators. A disadvantage of determining the pest kill rate is the amount of time and plant, pest and natural enemy material needed. However, the advantages are not limited to the three points mentioned above, because determination of the pest kill rate also provides data about developmental times, mortalities of various developmental stages, sex ratios and peak predation periods. This information is essential for developing mass production methods and natural enemy release strategies.
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